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Developmental dysplasia of the hip (DDH), previously known as congenital hip dislocation, is
a frequently disabling condition characterized by premature arthritis in later life. Genetic inﬂuence on
DDH has been long known, but is still poorly understood. Previously, we have performed a genome-wide
linkage scan with Affymetrix 10K genechip for a four-generation Chinese family, which included 19
healthy members and ﬁve patients with DDH. Parametric and nonparametric multipoint linkage analyses
were carried out with Genespring GT v.2.0 software, and the logarithm of odds (LOD) score and
nonparametric linkage (NPL) score were calculated. For parametric linkage analysis, an assuming auto-
somal recessive trait was used with full penetrance, and Affymetrix “Asian” allele frequencies. The NPL
score of 2.698 (P¼ 0.0156) and LOD score of 2.119 (q¼ 0) were obtained on chromosome 1q25.2a for one
marker (rs726252). The single nucleotide polymorphism (SNP) rs726252 locates in the region of ﬁfth
intron of pregnancy-associated plasma protein-A2 (PAPPA2). Although neither LOD nor NPL scores of
rs726252 has exceeded 3.0, several researches have demonstrated that PAPPA2 have important conse-
quences for the development of the fetus and normal postnatal growth. To further evaluate this possible
association, in the present study, we examined the genetic association of rs726252 in PAPPA2 gene with
sporadic DDH in Han Chinese population using caseecontrol study, including 310 patients with sporadic
DDH and 487 control subjects, and found a signiﬁcant association between PAPPA2 and DDH.
 2011 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Developmental dysplasia of the hip (DDH), previously known as
congenital hip dislocation, is a frequently disabling condition
characterized by premature arthritis in later life. Genetic inﬂuence
on DDH has been long known, but is still poorly understood.
Previously, we have performed a genome-wide linkage scan with
Affymetrix 10K genechip for a four-generation Chinese family,
which included 19 healthy members and ﬁve patients with DDH.
Parametric and nonparametric multipoint linkage analyses were
carried out with Genespring GT v.2.0 software, and the logarithm of
odds (LOD) score and nonparametric linkage (NPL) score were
calculated. For parametric linkage analysis, an assuming autosomal
recessive trait was used with full penetrance, and Affymetrix: Qun Zhao, Department of
edical University, Shenyang
-83955092.
this work.
s Research Society International. P“Asian” allele frequencies. The NPL score of 2.698 (P¼ 0.0156) and
LOD score of 2.119 (q¼ 0) were obtained on chromosome 1q25.2a
for one marker (rs726252). The single nucleotide polymorphism
(SNP) rs726252 locates in the region of ﬁfth intron of pregnancy-
associated plasma protein-A2 (PAPPA2). Although neither LOD nor
NPL scores of rs726252 has exceeded 3.0, several researches have
demonstrated that PAPPA2 have important consequences for the
development of the fetus and normal postnatal growth1e4. To
further evaluate this possible association, in the present study, we
examined the genetic association of rs726252 in PAPPA2 gene with
sporadic DDH in Han Chinese population using caseecontrol study,
including 310 patients with sporadic DDH and 487 control subjects,
and found a signiﬁcant association between PAPPA2 and DDH.
Methods
In the present study, we carried out a caseecontrol association
research, including 310 unrelated patients and 487 healthy subjects
from Han Chinese population. The patients were involved consec-
utively in the study at the Department of Paediatric Orthopaedics,
Shengjing Hospital of the China Medical University between Marublished by Elsevier Ltd. All rights reserved.
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average age of 40.99 28.32 months (range 10e144 months). The
patients were diagnosed by expert of paediatric orthopaedic on the
basis of clinical criteria and radiographic examination. Two-
hundred and ﬁfty four patients were classiﬁed as the group of
dislocation, 32 patients as the group of subluxation and 24 patients
as the group of acetabular dysplasia. Cases with systemic syndrome
were excluded from the study. Control subjects were enrolled at the
Department of Paediatrics, Shengjing Hospital of China Medical
University, including259 females and228maleswith anaverageage
of 60.09 37.26 months (range 12e180 months) during the same
timeperiod as the caseswere recruited. Theydidnothave any family
history of DDH, symptoms of hip disorders as well as congenital
deformity. All subjects included in the study were of Han Chinese
origin living in Northern China. The descriptive characteristics of
cases and controls were shown in Supplementary material Table 1.
This researchhadbeenapprovedby theMedical EthicsCommitteeof
ShengjingHospital, ChinaMedical University, and informed consent
was obtained from the parents of patients and controls.
Genotyping
DNA gathered from all the subjects was extracted using the
QIAamp DNA Blood Mini Kit (Qiagen, Valencia, CA) according to the
manufacturer’s instructions. The genotype assay (rs726252) was
performed by laboratory personnel blinded to case status using
Taqman assay (Applied Biosystems 7500, ABI, Foster City, CA, USA)
at the Key Laboratory of congenital malformation of Shengjing
Hospital of China Medical University, afﬁliated to Ministry of
Health. Two authors independently reviewed the genotyping
results, data entry and statistical analyses. We randomly chose 10%
samples from the patients (40) and control subjects (40) to repeat
the experimental results.
Statistics
Data were analysed by using SPSSversion 11.5 (SPSS Inc, Chi-
cago, IL, USA) for windows. HardyeWeinberg equilibrium was
performed by chi-squared test. Chi-squared test was used to
determine the signiﬁcance of differences in allelic and genotypic
frequencies between DDH patients and control subjects and
P< 0.05 was considered statistically signiﬁcant. The associations
between PAPPA2 variants and DDH risk were estimated by
computing the odds ratios (ORs) and 95% conﬁdence intervals (CIs)
from both univariate and multivariate logistic regression analyses
with adjustment for sex.
Results
Thegenotypedistributionandallele frequency inall subjectswere
shown in Table I. Distributions of genotypes in DDH and controlTable I
Genotype and allele frequencies of C/T transition SNP (rs726252) of the PAPPA2 gene in
Group Number of subject Genotype (frequency)
TT CT CC
DDH
All 310 255 (0.822) 45 (0.145) 10 (0
Female 253 202 (0.798) 42 (0.166) 9 (0
Male 57 53 (0.929) 3 (0.053) 1 (0
Control
All 487 347 (0.713) 122 (0.251) 18 (0
Female 259 179 (0.691) 68 (0.263) 12 (0
Male 228 168 (0.737) 54 (0.237) 6 (0groups were conformed to HardyeWeinberg equilibrium (P¼ 0.116
and 0.539, respectively, Table I). Signiﬁcant difference in allele
frequency was observed between DDH and control group (P¼ 0.001,
Table II). Signiﬁcant differences in the genotype frequency between
DDH and control group were demonstrated by comparing TT geno-
type with other genotypes combined (P¼ 0.000), and TT genotype
with CT genotype (P¼ 0.000, Table II). No signiﬁcant differences was
observed by comparing TT genotype with CC genotype (P¼ 0.486,
Table II). We stratiﬁed the subjects by gender and compared the
genotype distribution or allele frequency between the female
patients and female control subjects, and between the male patients
and male control subjects. Signiﬁcant differences in genotype distri-
butionorallele frequencyweredetectedbetween the femalepatients
and female control subjects, and between themale patients andmale
control subjects (Table II). Signiﬁcant differences in genotype distri-
bution or allele frequency were also showed between the male
patients with female patients (Table II).Discussion
Previously, we have performed a genome-wide linkage scan
with Affymetrix 10K genechip for a four-generation Chinese family,
which included 19 healthy members and ﬁve patients with DDH.
Blood samples were obtained from all members of the family
except for two health individuals. Genome-wide scan was per-
formed on the 22 individuals using Affymetrix 10K SNP arrays at
Gene Tech Biotechnology Company Limited (Shanghai, China). The
result of linkage analysis based on the four-generation Chinese
family demonstrated the NPL score of 2.698 (P¼ 0.0156) and LOD
score of 2.119 (q¼ 0) on chromosome 1q25.2a for one marker
(rs726252). In the ﬁve patients, four patients showed BB genetype
in the SNP rs726252 using a genome-wide linkage scan, and one
patient showed AB genetype. In the 17 healthy members, one
member showed BB genetype, and 16 members showed AB gene-
type. The BB genetype was conﬁrmed as TT genetype using Taqman
assay, and AB genetype was conﬁrmed as CT genetype. The SNP
rs726252 locates in the region of ﬁfth intron of PAPPA2. Although
neither LOD nor NPL scores of rs726252 has exceeded 3.0 using
linkage analysis and the P value for Bonferroni signiﬁcance did not
achieve at 0.0005, the difference of genetype seems to be very
signiﬁcant between the healthy members and the patients in the
four-generation Chinese family. In addition, several researches have
demonstrated that PAPPA2 have important consequences for the
development of the fetus and normal postnatal growth1e4. There-
fore, the authors speculated that PAPPA2 may be a potential
candidate gene associatingwith DDH. Because the results of linkage
analysis in the four-generation family indicated that rs726252 is
linkage with DDH, and the difference of genetype seems to be very
signiﬁcant between the healthy members and the patients, the
authors, ﬁrst of all, selected the SNP rs726252 to further study the
association of sporadic DDH in Han Chinese population withHan Chinese population
Allele (frequency) HardyeWeinberg equilibrium
T C P value
.033) 555 (0.895) 65 (0.105) 0.116
.036) 446 (0.881) 60 (0.119) 0.193
.018) 109 (0.956) 5 (0.044) 0.448
.037) 816 (0.838) 158 (0.162) 0.539
.046) 426 (0.822) 92 (0.178) 0.525
.026) 390 (0.855) 66 (0.145) 0.785
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JingYu Jia et al. / Osteoarthritis and Cartilage 20 (2012) 60e6362PAPPA2 gene using caseecontrol study, including 310 patients with
sporadic DDH and 487 control subjects. The diagram clearly
explaining the study designwas shown in Supplementary material.
In the present study, a signiﬁcant association was observed for
the ﬁrst time between rs726252 in PAPPA2 gene and sporadic DDH
by using caseecontrol study in Han Chinese population. Signiﬁcant
differences were detected in allele frequency, in comparisons of TT
vs other genotypes combined, and TT genotypes vs CT genotype.
Even if the subjects were stratiﬁed according to gender, signiﬁcant
differences in genotype distribution or allele frequency could be
still demonstrated between DDH and the health control. Thus, it is
suggested that the T allele may play a risk role against C allele.
Additionally, we observed that the association of rs726252 in
PAPPA2 gene with sporadic DDH seems to be stronger in men than
in women. Meanwhile, signiﬁcant differences in genotype distri-
bution or allele frequency were also demonstrated between the
male patients and female patients. However, it is notable that the
number of male DDH subjects is relatively limited in our study. It is
necessary to collect large numbers of subjects to further conﬁrm or
refute our ﬁndings in male subjects.
Although the etiology of DDH is obscure at present, several
researches have suggested that the genetic factors play a crucial
role in the development of DDH5,6. Wynne-Davies7 proposed that
two genetic models could be responsible for the etiology of DDH:
one linked to acetabular dysplasia (abnormal development of bone
and/or cartilage) and one linked to joint laxity that likely resulted
from a defect of the connective tissue (such as ﬁbroblast and
collagen protein) of joint capsule leading to a weak mechanical
resistance. To our knowledge, insulin-like growth factors (IGFs)
play a pivotal role in the normal development of bone, cartilage,
ﬁbroblast and skeletal muscle during embryonic, fetal and infantile
growth periods. The bioavailability of IGFs is regulated by six IGF
binding proteins (IGFBPs 1e6), and release of IGFs and subsequent
IGF signaling is achieved primarily through cleavage of the IGFBPs
by proteases8. PAPPA2 is a protease that could speciﬁcally cleave
IGFBP-51. Yan’s study2 indicated that IGFBP-5 was fully proteolyzed
during pregnancy and provided evidence that PAPPA2 was the
responsible protease. Proteolysis of IGFBP-5 by PAPPA2 during
pregnancy can result in increased IGF bioavailability. Therefore,
they thought PAPPA2 have important consequences for the devel-
opment of the fetus. Wang et al.4 found the co-localization of
PAPPA2 and IGFBP-5 in human placenta, murine placenta as well as
mouse embryo. Christians et al.3 identiﬁed a quantitative trait locus
(QTL) affecting body size that segregated between two inbred
strains of mice. By ﬁne mapping, they have reﬁned the location of
this QTL to a genomic region containing only four protein-coding
genes. They thought PAPPA2 is a strong candidate among the four
genes because it codes for an enzyme that could cleave IGFBP-5, an
important stimulator of bone formation. Meanwhile, their study
suggested that PAPPA2 may also be involved in normal postnatal
growth. The substrate for PAPPA2, IGFBP-5, is expressed during
endochondral bone formation in differentiating chondrocytes and
osteoblasts during fetal development9,10. In addition, over-
expressing IGFBP-5 in mice could decrease osteoblastic function
and bone mineral density11,12. These researches mentioned above
indicated that PAPPA2 may be closely associated with the normal
development of bone, cartilage, ﬁbroblast and skeletal muscle
during embryonic, fetal and infantile growth periods.
Atpresent, a series of researcheswith respect to the susceptibility
gene in DDH have been published, while the positive ﬁnding was
limited reports. The SNP in Tbx4 and GDF5 genes has been demon-
strated signiﬁcant associationwith DDH in Han Chinese population
and Caucasian population using a caseecontrol study13e15. Herein,
we demonstrated, for the ﬁrst time, a signiﬁcant association
between PAPPA2 and DDH in Han Chinese population. Nevertheless,
JingYu Jia et al. / Osteoarthritis and Cartilage 20 (2012) 60e63 63the authors acknowledge several limitations in the present study.
First, the result of linkage analysis in the four-generation Chinese
family should be further conﬁrmed by another multigeneration
family with DDH. Now, it is more difﬁcult for us to collect another
multigeneration family with DDH due to the program of family
planning that one family has a child. Second,we only tested one SNP
rs726252 using caseecontrol study in the present study. In future
research,wewould consider further studying all tagging SNPs in this
candidate gene. Third, the association of subgroup of DDH with
PAPPA2 was not assessed because of the small sample size in the
group of acetabular dysplasia and subluxation. Further veriﬁcation
for the association of PAPPA2 genewith DDH ought to be consider in
diverse populations using larger sample size.
In summary, our study suggested an association of PAPPA2 with
sporadic DDH susceptibility in a Chinese Han population.
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